New polycyclic pyrans have been synthesized using new and efficient domino-Knoevenagelhetero-Diels-Alder reaction between O-propargylated salicylaldehydes with 1,3-indanedione in acetonitrile in the presence of CuI. The products are formed in good yields.
Introduction
The development of a new strategy for the synthesis of complex organic molecules is an important aim in modern organic chemistry. L. F. Tietze introduced the domino-Knoevenagelhetero-Diels-Alder reaction as a powerful sequential transformation.
1 It has been proven that this reaction is a valuable method for the construction of annulated dihydropyrans 2 and has already been used for the synthesis of several natural products.
3
The reaction can be performed as a two-component transformation using an aldehyde containing an alkene in the side-chain as a dienophile and a 1,3-dicarbonyl compound. Although the advantages of this useful reaction in the construction of polycyclic ring skeletons has been well documented. But its application to the alkynes as the dienophile has been limited, 4 which is related to the poor reactivity of unactivated alkynes. Only after the discovery of the remarkable catalytic effect of various transition metal complexes, the synthetic potential of alkyne 
Results and Discussion
The O-propargylated salicylaldehydes 2a-c were prepared 8 from the corresponding substituted salicylaldehydes in almost quantitative yields and excellent purity (Scheme 2). In the domino Knoevenagel-hetero-Diels-Alder reaction, the desired heterodiene (alkylidene-1,3-dicarbonyl compound) is formed in situ by Knoevenagel condensation of O-propargylated salicylaldehyde with indanedione in the presence of diammonium hydrogen phosphate and undergoes a cycloaddition reaction in refluxing acetonitrile in presence of CuI to give the corresponding pyran ring (Table 3 ). The structure of the products was assigned on the basis of 1 H-NMR, 13 C-NMR spectroscopic data and also high-resolution mass spectrometry data. 1 H-NMR spectra for all products showed an AB quartet for the -OCH 2 group at δ 4.6 and 4.9 ppm with J = 11.5 Hz. The diatropicity of methylene hydrogens is related to oxa-helicene structure of the products. The corresponding signals of the O-CH 2 groups in the 13 C-NMR spectra appeared at 65-66 ppm. Although we have not yet established the mechanism, a possible pathway for the domino intramolecular Knoevenagel-hetero-Diels-Alder reaction is shown in Scheme 3. The initial step is Knoevenagel condensation between 1,3-indanedione and the aldehydes 2a-c, could be catalyzed by diammonium hydrogen phosphate. It seems that the triple bond was activated with CuI through formation of a π-complex or copper acetylide 9 which provided the proper condition for hetero-Diels-Alder reaction. The exact reaction mechanism is not clear. In conclusion, we have developed a Cu-catalyzed domino intramolecular Knoevenagelhetero-Diels-Alder reaction which provided an efficient route to tetracyclic pyran derivatives. Further studies to extend the scope of the synthetic utility for this Cu-catalyzed domino intramolecular Knoevenagel-hetero-Diels-Alder reaction with inactivated alkynes are continuing.
Experimental Section
General Procedures. Melting points were determined with an Electrothermal 9100 apparatus and were uncorrected. IR spectra were obtained on an ABB FT-IR (FTLA 2000) spectrometer. 1 H NMR and 13 C NMR spectra were run on a Bruker DRX-300 AVANCE at 300 MHz for 1 H-NMR and 75 MHz for 13 C-NMR. CDCl 3 and DMSO-d 6 were used as solvents. High-resolution mass spectra were recorded on JEOL JMS-700 (HR-EI) spectrometer.
Synthesis of O-propargylated salicylaldehydes (2a-c).
To a stirred solution of salicylaldehyde derivatives (5 mmol) and potassium carbonate (5 mmol, 0.069g) in DMF (25 ml), propargyl bromide (6 mmol, 0.071g) was added. After stirring for 4-24 h, water was added and the precipitated solid was filtered and washed with water. 4, 78.6, 79.0, 114.3, 121.5, 124.8, 127.8, 136.2, 159.5, 188.9 77.6, 80.0, 115.2, 123.6, 124.4, 130.6, 141.3, 163.3, 187.6 65.4, 107.6, 112.9, 116.7, 118.7, 120.6, 121.5, 125.5, 128.0, 128.2, 130.8, 131.0, 133.1, 135.6, 136.9, 153.4, 169.5 8, 65.3, 106.7, 111.4, 111.6, 118.5, 118.8, 121.4, 127.3, 130.4, 130.5, 130.6, 130.7, 132.8, 135.2, 137.1, 152.6, 169.5 
2-(2-Propynyloxy)benzaldehyde (2a)
.
